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BICEP2’s detection on the primordial B-mode of CMB polarization suggests that inflation oc-
curred around GUT scale, with the tensor-to-scalar ratio r ≃ 0.2. Inspired by this discosvery, we
study the topological inflation which was driven by a double/single/no well potential. We show that
with proper choice of parameters, all these three types of topological inflationary models could be
consistent with the constraints from current observations.
I. INTRODUCTION
Inflationary paradigm [1] has become a leading sce-
nario of the early universe. It provides a very convinc-
ing solution to the flatness problem, horizon problem,
and monopole problem in standard hot big bang cosmol-
ogy. It is also believed that the quantum fluctuation
during inflation seeds the large scale structure and CMB
anisotropies nowadays.
Inflation is successful but, nonetheless, also encounters
some questioning on its validity [2]. One of the concep-
tual problems is the fine-tuning. Inflation was introduced
to eliminate the fine-tuning condition for the initial data
set of cosmology, i.e. the so called horizon problem and
flatness problem. However, inflation itself requires fine-
tuning on the initial conditon, which renders the fine-
tuning problem returns in a different guise.
In the context of topological inflation [3][4], such fine-
tuning could be alleviated. Topological inflation is a wild
class of models where the inflaton field is forced to stay
near a local maximum of potential for topological rea-
sons.
Generally, a topological defect forms during the phase
transition with spontaneous symmetry breaking. Its exis-
tence is related to the topology of the boundary of space,
the topology of the set of vacua, and the existence of a
nontrivial map from the boundary of space to the set of
vacua. During the early universe, if the size of the soliton
greater than the Hubble radius, inflation occures at the
core of such a topological defect [3][4].
The recent BICEP [5][6] measurement of primordial
B mode in the polarization of cosmic microwaves back-
ground suggests that inflation occured at the energy scale
of 1016 GeV, with the tensor-to-scalar ratio r ≃ 0.2. This
discovery definitively affects our understanding of early
universe, see the following up research after BICEP2[7].
Lots of models would be ruled out due to the discovery
of primordial B-mode. In this paper we check examples
of the topological inflation by using recent BCEP and
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established cosmological results.
The rest of the paper is organized as follows: at section
II, we will check the consistency with experiment on the
well-known double-well potential model; at section III,
we will check the case with single-well model, and at
section IV, we will check the model without any well. We
conclude and summarize our results at the final section.
II. TOPOLOGICAL INFLATION WITH
DOUBLE WELL POTENTIAL
The most often considered potentials are Higgs type of
φ4 potential and axion-like potential. Let’s start from a
Higgs type of double well potential, such as
V (φ) =
1
4
λ
(
φ2 − υ2)2 . (1)
See [8] for an early study on this potential in the context
of inflation. At the early universe, as universe expands,
the phase transition splits space into two domains with
φ = υ and φ = −υ. Inflation happens in the core of
domain wall if the thickness of the wall is larger than the
Hubble radius, which requires υ > Mp. Such largeness
of υ implies that the effective mass of scalar field m2φ =
λυ2 << H2 (with help of Freedman equation), and scalar
field undergo a period of slow-rollover. The virtue of this
model, of which we are free from fine tuning the initial
conditions, is attractive for theoretical study.
The slow roll parameters can be calculated as,
ǫ =
1
2
(
MpV
′
V
)2
=
8φ2M2p
(υ2 − φ2)2 ,
η =
M2pV
′′
V
= −4M
2
p
(
υ2 − 3φ2)
(υ2 − φ2)2 ,
ns − 1 = −
8M2p
(
υ2 + 3φ2
)
(υ2 − φ2)2 ,
r = 16ǫ . (2)
The spectral tilt ns−1 and tensor-to-scalar ratio r are ex-
perimental observables. Scalar tilt ns = 0.9603± 0.0073
was given by PLANCK mission [9], and r = 0.2+0.07−0.05 was
given by BICEP2. However, please notice that r = 0.2
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FIG. 1: (ns, r) curve in Higgs type of topological inflation.
The blue curve corresponds to the inflation with 60 e-folding
number, and the red curve corresponds to the one with 50
e-folding number. The red arrow denotes the direction of
increasing φ/υ. The end points of curves correspond to the
vaccum φ = υ.
is only consistent with the case of negligible foreground
dusts. Considering the possiblity that this value could be
contaminated by the non-negligible dust polarization sig-
nal, which was questioned in ref.[10], we choose a slightly
smaller value for tensor-to-scalar ratio1 r = 0.16+0.06−0.05
that was also suggested by BICEP2 [5].
In addition to these two constraints, another constraint
comes from the e-folding number which under slow roll
approximation could be calculated as
N =
∫ φi
φe
(
V
M2pV
′
)
dφ , (3)
where φi is the field value at the begin of inflationary pe-
riod which corresponds to our largest scale physics nowa-
days, and φe denotes the one at the end of inflation, which
in this case could be chosen as υ approximately.
The (ns, r) curve is plotted in FIG.1. By comparing
to the 95% confidence contour of BICEP2 [5], we can see
that observation favors that inflation happens at some-
where around φ > 3
4
υ, which is near the edge of soli-
ton. υ & 50Mp is required to ensure that inflation takes
enough e-folding number.
Then, let us consider the following axion-like potential2
V (φ) =
m2υ2
n2
[1− cos(nφ/υ)] , (4)
where m is a mass scale and n is an integer. Let’s assume
that our Hubble volume locates at somewhere between
1 We would like to thank the anonymous referee for the suggestion
on this point.
2 Although there are infinite number of wells in this potential, but
only 2 wells are relevant to our study. Thus we still treat it as
double-well model.
0.94 0.95 0.96 0.97 0.98 0.99 1.00
ns
0.05
0.10
0.15
0.20
0.25
r
FIG. 2: (ns, r) curve in axion type of topological inflation.
The blue curve corresponds to the inflation with 60 e-folding
number, and the red curve corresponds to the one with 50
e-folding number. The red arrow denotes the direction of
increasing φ/υ. The end points of curves correpond to the
vacuum φ = 0.
two vacua φ = 0 and φ = 2piυn . The slow roll parameters
can be calculated as follows,
ǫ =
n2M2p
2υ2
· cot2
(
nφ
2υ
)
,
η =
n2M2p
2υ2
· cos
(
nφ
υ
)
csc2
(
nφ
2υ
)
,
ns − 1 =
n2M2p
υ2
·
[
1− 2 csc2
(
nφ
2υ
)]
,
r = 16ǫ . (5)
We plot the (ns, r) curve in FIG.2, again, by comparing
with results of BICEP2 [5], we can see that the observa-
tion favors that inflation happens at somewhere nφυ <
pi
3
,
and υ & 15Mp is required for enough e-folding number.
III. TOPOLOGICAL INFLATION WITH
SINGLE WELL POTENTIAL
Now let us turn to check some topological inflation
models other than double well potential. As an example,
let us consider the following potential motivated by extra-
dimension compatification [11]
V (φ) = ξ
υ6
φ6
(
φ2 − υ2)2 , (6)
where υ is just a constant parameter with mass dimen-
sion, and ξ is dimensionless parameter. See [12] for an
earlier work on single well topological inflation. This po-
tential has two local minima, one is at φ = υ, the other
is at infinite φ → ∞. It also has one local maximum,
which is at φ =
√
3υ (see FIG.3).
In the flat space time, the scalar field configuration can
be fixed by minimizing the energy of topological defect,
31 2 3 4 5 6
Φ
0.05
0.10
0.15
0.20
0.25
V
FIG. 3: Schematic plot of single well scalar potential with
ξ = υ = 1.
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FIG. 4: Soliton scalar field configuration with ξ = υ = 1. We
choose the coordinate such that potential varies along the z
direction.
which gives us
∂φ
∂z
=
√
2V , (7)
where we have chosen our coordinate such that potential
varies along z direction. Numerically the scalar field con-
figuration can be solved out as FIG.4. Analytically, for
large φ/υ >> 1, we have the following approximation,
φ ∝ z1/2. (8)
Following the argument in [4], suppose that our early
universe start from a quantum era, with scalar field dis-
persion 〈φ2〉 > υ2. In this epoch, scalar field doesn’t
feel the bump (or the well) in the potential. As universe
expands, the scalar field dispersion goes down, and our
universe was splited into two parts, one trapped in the
well, the other run away to the infinite.
A necessary condition for inflation to happen in the
core of topological defect is that the thickness of the de-
fect must be larger than the Hubble radius. The thick-
ness L of defect could be determined by the balance of
gradient and potential energy,(√
3υ
L
)2
∼ V . (9)
L > H−1 gives rise to such necessary condition for topo-
logical inflation,
υ > Mp, (10)
where the Freedman equation 3M2pH
2 ≃ V has been
used.
The slow roll parameters read
ǫ =
2M2p
(
φ2 − 3υ2)2
φ2 (φ2 − υ2)2 ,
η =
2M2p
(
21υ4 − 20υ2φ2 + 3φ4)
φ2 (φ2 − υ2)2 . (11)
By requiring that
r = 16ǫ = 0.16, ns − 1 = 2(η − 3ǫ) = −0.04,
V
ǫM4p
∼ 10−10, (12)
we get
φ ≃ 2.4υ, υ ≃ 3.5Mp, ξ ∼ 10−11. (13)
At the end of inflation, the reheating could be triggered
by a water fall scalar field, just like what people did in the
Hybrid inflation [13][14], and we are not going to discuss
the detail of reheating here.
IV. TOPOLOGICAL INFLATION WITH
NO-WELL POTENTIAL
Let us consider our last example, a no-well potential
V (φ) =
ξυ4
1 + φ2υ−2
. (14)
Such type of potential was used to realized a matter
bounce scenario in [15] (see [16] for the 1st example of
no-well topological inflation). The bump in this poten-
tial separates two domains, φ → −∞ and φ → +∞, see
FIG.5. We numerically work out the scalar field config-
uration in flat space time. The result is shown in FIG.6.
The necessary condition L > H−1 yields
υ & Mp . (15)
The slow roll parameters can be calculated as
ǫ =
2φ2M2p
(υ2 + φ2)
2
,
η = −2
(
υ2 − 3φ2)M2p
(υ2 + φ2)
2
,
(16)
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FIG. 5: Schematic plot of no-well scalar potential with ξ =
υ = 1.
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FIG. 6: Scalar field configuration for a no-well defect with
ξ = υ = 1.
By requiring that
r = 16ǫ = 0.16, ns − 1 = 2(η − 3ǫ) = −0.04,
V
ǫM4p
∼ 10−10, (17)
we got
φ ≃ 0.7υ, υ ≃ 6.7Mp , ξ ∼ 10−16 . (18)
At the end of inflation, like the case of single well po-
tential, reheating also needs to be triggered by a water
fall scalar field. In this case, the end of inflation com-
pletely depends on the way inflaton couples to the water
fall scalar, and the shape of water fall scalar potential
as well. Thus we can not extract any constraint from
the requirement of e-folding number. That is the rea-
son why we didn’t consider the constraint from e-folding
number in the above calculations. The detailed study
on the reheating is already beyond the scope of current
paper, which will be covered in our future study.
V. CONLUSION AND DISCUSSION
In this paper, we check several topological inflationary
models. We first classify the topological inflation models
into three catagories, double-well potential, single-well
potential, and no-well potential inflation.
In the case of double-well potential, we took the Higgs
type of potential and the axion-like potential as exam-
ples. To be consistent with the observational constraints
of red spectral tilt and large tensor-to-scalar ratio, we
found that inflation of our Hubble volume should hap-
pen near the edge of solitons.
Then we check second type of topological inflation,
with only one single well. We took a potential motivated
from extra-dimensional compactification as an example.
With proper choice of parameters, such a model could be
consistent with observations.
For the 3rd type of topological inflation, without a well
in the potential, we also found that this model could be
consistent with observations.
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